Objective of this study was to compare accuracy of placement of implant with three different positioning guides.
INTRODUCTION
The placement of miniscrew implants between the roots of the teeth has been challenging because of the limited space and the risk of root damage.
Previous studies [1] [2] [3] [4] [5] [6] [7] [8] did not explain the radiographic standardization procedure for miniscrew implant, angulation error and its effect on position of guide with adjacent root structure, information value given by each guide, comparison between pre-and postsurgical radiographs. Moreover, not a single study was carried out to compare the efficacy of these designs. This is the first study of its kind wherein the comparative evaluation of various positioning guides has been done with proper radiographic standardization. Simpler devices, like grid 9 ( Fig. 1 ), X-ray pin 10 ( Fig. 2 ) and wire eye 11 ( Fig. 3) , are easy to use and cost-effective. In this article, we compare accuracy of placement of implant with three different positioning guides (grid, X-ray pin, wire eye) in terms of their handling, ease of placement, information value with number of radiographs required and other advantages and disadvantages.
METHODS
Twenty-one patients were divided into three groups. In first group, implants were placed by using grid, second group (X-ray pin) and third group (wire eye). Pre-and postoperative radiographs were recorded by using RVG. RVG was taken for all the subjects with SOPIX digital imaging. measured about 1 mm. 2 The vertical dimension of grid was 10 mm and horizontal was 5 mm.
X-ray pin 10 ( Fig. 2) : The X-ray pin was made with an implant cut into total 3.5 mm length with a 1mm head and a 2.5 mm conical shaft. The pins tapered off conically and ended in a point for puncturing the mucosa.
Wire eye 11 ( Fig 3) : Wire eye was made with 0.019 × 0.025 inch stainless steel wire. Length of the wire was selected according to the distance of mucogingival junction from the archwire and circular wire eye with 1.5 mm diameter was formed. 1. Microimplants were placed between the 2nd premolar and 1st molar. In all the cases, the implants were placed just below the mucogingival line in the attached gingiva. 2. Horizontally, the implants were placed at a point selected by using positioning devices. The preferred location was exactly at the center of the distance between the roots of 2nd premolar and 1st molar teeth. Huang 12 suggested a safety distance of approximately 2.5 mm between the implant and adjacent root. 3. Radiographic standardization was done by paralleling cone technique and bite registration technique (Fig. 4A) -this makes it possible to obtain consistent radiographs of the implant site throughout the placement procedure. The guide was positioned as accurately as possible at the preselected implant site. Radiographs were taken to determine whether the radiopaque tube is correctly positioned to ensure the safety of the surrounding structures (Figs 4B to D). If not, the guide was adjusted and successive radiographs were taken until the ideal position was achieved.
EVALUATION OF MINISCREW PLACEMENT
The following records were obtained from all the subjects: • IOPA of maxillary posterior region using RVG (with positioning guides and after implant placement).
• T1-before treatment, i.e pretreatment (diagnostic) and • T2-posttreatment, i.e immediately after implant placement.
The position of implant was evaluated on the basis of T1 and T2 IOPA. The center of distance between two neighboring roots was considered as GC. Second measurement was done from GC to planned implant site. Third measurement was done from planned implant site to nearest root (Fig. 6 ).
• Vertical distance was measured from alveolar crest to planned insertion point.
• Postoperative radiographic assessment after implant placement was done. Line 1 was drawn through the long axis of implant bisecting the implant image. Line 2 drawn parallel to the occlusal plane through the neck of implant. Line 3 drawn perpendiculars to line 2 passing through the implant neck. The point where all the three lines cross each other is considered as the actual insertion point (AIP). All the horizontal and vertical measurements were made in relation to this point (Fig. 7 ).
• DAT INF software was used to measure the linear measurements in both preoperative and postoperative radiographs. 
OBSERVATIONS (TABLES 1 TO 6)
horizontal level (i.e. p < 0.01) but is nonsignificant at vertical levels under comparison of grid guide and X-ray pin guide (i.e. p > 0.05) (Graph 1 and Table 8 ).
STATISTICAL ANALYSIS AND RESULTS (TABLE 7)
By applying student unpaired t-test, there is a highly significant difference between mean values of preoperative PIP at By applying student unpaired t-test, there is a highly significant difference between mean values of preoperative PIP at horizontal level (i.e. p < 0.01) but is nonsignificant at vertical levels under comparison of grid guide and wire eye guide (i.e. p > 0.05) (Graph 2 and Table 9 ).
By applying student unpaired t-test, there is a highly significant difference between mean values of preoperative PIP at horizontal level (i.e. p < 0.01) but is nonsignificant at vertical levels under comparison of X-ray pin and wire eye guide (i.e. p > 0.05) (Graph 3 and Tables 10 to 14) . Also, it is seen that the number of radiographs required in grid guide is less (i.e. 18.92%) as compared to X-ray pin and wire eye guides and, by ANOVA technique, this result is statistically very highly significant.
RESULTS

1.
Mean values of preoperative horizontal distance from GC to PIP by using grid guide is 0.1514 ± 0.1624, by X-ray pin guide is 0.2829 ± 0.1031 and by wire eye guide is 0.379 ± 0.069. Grid gives preoperative PIP that is closer to GC. 2. The coefficient of variation for grid guide is less than coefficient of variation of X-ray pin and wire eye guides, it means that grid guide is more consistent than X-ray pin and wire eye guides at horizontal level. 3. The mean values of postoperative distance from actual insertion point to nearest root by using grid guide is 2.19 mm, by X-ray pin guide is 1.75 mm and by wire eye guide is 1.88 mm. There is greater distance between the AIP and the nearest root in grid guide. This suggests that there is less chances of root injury by using grid guide as compared to other guides under study. 4. By applying ANOVA technique (Tables 13 and 14) , it is seen that the number of radiographs required in grid guide is less (test value, i.e. F = 12.667, p < 0.001) as compared to X-ray pin and wire eye guide. 5. Grid guide shows ( Table 6 ) that no horizontal and vertical adjustment is required. Its fabrication is difficult but, once fabricated, it can be sterilized and reused. X-ray pin guide requires both horizontal and vertical adjustments. It is also difficult to fabricate but it can be sterilized and reused.
Wire eye guide is easy to fabricate but requires adjustment in both horizontal and vertical direction. Further, it cannot be reused.
DISCUSSION
Anchorage control with self-tapping screws or mini implants has gained enormous credibility in the clinical management of space closure.
Repeating the experience of Creekmore, 13 small screws, like those used for rigid fixation in maxillofacial surgery, work well for orthodontic anchorage. The size of the screws has been reduced even further since the last few years. However, the placement of these implants between the roots of the teeth has been challenging because of the limited space and risk of root injury.
A thorough investigation using radiographs should be made to avoid anatomic structures in maxilla.
Eric Liou 14 recommended a gap of 2 mm between the implant surface and the root surface and also the anatomic structures. This serves as the precautionary measure for the displacement caused by the implant on the direction of orthodontic force.
In the present study, we evaluated the positional deviation of grid, X-ray pin and wire eye in relation to the adjacent root structures. We found that the position of grid and wire eye changed with the change in a horizontal angulation of X-ray source. 1. In the present study, we found that radiographic standardization is important while taking image of interradicular structures as positioning guides diagnostic value correlated with the X-ray source's orientation to the object and the X-ray film and sensor. 2. For every 10° change in horizontal angulation of the X-ray source, there was a subsequent change in the position of wire eye. The ring-shaped marking shifted to a considerable distance giving a false image. The clinician cannot identify the radiographic error and thus the chances of root injury increases. This is consistent with the findings obtained in the study done by Ludwig et al. 10 Due to the X-ray pins sharply pointed tip, a small round radiopaque image is obtained in the absence of angulation error. In case of a change in the angulation, the whole length of X-ray pin is seen instead of a small round radiopaque image.
In the present study, we used wire eye guide though it can be fabricated chairside because of its small size, it required frequent adjustment in both horizontal and vertical directions. It required more number of radiographs. A wire guide with loop of large diameter loses its diagnostic value.
The X-ray pin also required frequent adjustment in both horizontal and vertical directions to obtain accurate implant insertion point and hence required more number of radiographs. The X-ray pin combines both punching the soft tissue and giving the location of the insertion point, but the procedure was invasive and could not be used in movable mucosa.
The grid guide because of its mesh type of design provided reference point in both horizontal and vertical direction. Further, small size of each cell increased the accuracy of the device. No frequent adjustments were needed and it required minimum number of radiographs.
A diagnostic IOPA was necessary in the X-ray pin and wire eye before positioning of the guide, whereas grid method did not require any additional IOPA before placement. In the present study, we evaluated accuracy of each guide by measuring the horizontal distance from planned insertion point to GC. The mean value of grid guide is 0.1514 ± 0.1624, X-ray pin is 0.2829 ± 0.1031 and wire eye is 0.379 ± 0.069 (Tables 7 to 9 ). Smaller mean value of grid guide suggests that it gives insertion point more close to GC.
In the present study, we compared accuracy of all the three guides under study by measuring horizontal distance between preoperative PIP and GC. Statistically significant differences were found between groups I and II (Table 7) , groups I and III (Table 8) , groups II and III (Table 9 ) by using unpaired t-test. Group I (grid guide) provides more accurate insertion point (p < 0.01).
The mean value of postoperative distance from AIP to nearest root for groups I, II and III is 2.19, 1.75 and 1.88 mm respectively (Table 12 ). In grid guide, the distance between AIP and the root surface is greater than 2 mm which is recommended by Eric Liou 14 for the stability of an implant.
Above values suggested that grid could assist in placing miniscrews within safe zone.
SUMMARY
Evaluation by three-dimensional computed tomography (3D CT) is useful, but computed tomography (CT) facility is not readily available, more radiation exposure as compared to twodimensional (2D) (conventional) radiographs. Dental radiographic machine is available in any clinical setup. Examination is simpler, has a lower medical cost and lower exposure dosage.
With minimum radiographic error, grid guide gives implant insertion point close to the geometric center between the two roots. It is important as it allows some provision for mesial migration of the implant during retraction, oblique mesiodistal insertion and compensates for operative error. It provides reference point in both vertical and horizontal planes. Requires no adjustments and thus saves chairside time.
CONCLUSION
In the present study, we found grid guide stands out to be the most accurate in positioning of implants followed by X-ray pin and wire eye guide. Grid guide was more efficient in handling during the implant placement procedure. Though there was positional deviation between PIP and AIP, grid can place the miniscrew within the safe zone.
